Introduction {#sec1-1}
============

The thalassemias are a heterogeneous group of genetic disorders of hemoglobin synthesis, all of which result from a reduced rate of production of one or more of the globin chains of hemoglobin.\[[@ref1]\] In the homozygous state β-thalassemia genes result in a severe or total suppression of β-chain synthesis clinically characterized as thalassemia major or Cooley\'s anemia.\[[@ref2]\] β-thalassemia major is a life threatening condition, characterized by severe anemia, hepatosplenomegaly, growth retardation, endocrine dysfunction and skeletal changes due to hypertrophy, and expansion of the hematopoietic marrow.\[[@ref3]\] As anemia is usually pronounced in persons with the major form of the disease, the patient requires frequent blood transfusions to overcome the effects of anemia.\[[@ref4]\] Repeated blood transfusions, ineffective erythropoiesis, and increased gastrointestinal iron absorption lead to iron overload in the body. Iron overload is the life limiting complication commonly found in the thalassemics. The iron burden on the body can be estimated by means of the serum ferritin, serum iron, and total iron binding capacity levels. The estimation of serum ferritin level is the most commonly employed test to evaluate iron overload in β-thalassemia major. Liver iron correlates closely with the total body iron in transfusional iron overload.\[[@ref5]\] Measurement of the iron concentration in a liver biopsy specimen is a reference method for assessing the body iron stores. Other methods for evaluation of hepatic iron include superconducting-quantum-interference-device (SQUID), liver magnetic resonance imaging (MRI) and magnetic spectrometry.\[[@ref5][@ref6]\] The discomfort and the potential risk associated with the liver biopsy procedure as well as the availability and cost factor associated with MRI and SQUID have prompted us to search for non-invasive and cheaper method for evaluation of iron stores. Exfoliative cytology is a non-invasive as well as cheaper method, which is being used for various diseases as in malignancy. In our study, we wanted to see whether exfoliative cytology could be a useful tool in detection and monitoring of iron overload in β-thalassemia major patients. We have applied Perls' Prussian blue staining procedure for demonstration of iron granules in exfoliated buccal cells of β-thalassemia major patients considering that the exfoliated buccal cells may also represent changes in the underlying parent tissue.

Aims and objectives {#sec2-1}
-------------------

To assess iron overload in β-thalassemia major patients by oral exfoliative cytology using Perls' Prussian blue stain.To correlate Perls' Prussian blue staining with serum ferritin levels.To ascertain whether exfoliative cytology can be used as a screening and diagnostic tool for detection of iron overload in β-thalassemia major patients.

Materials and Methods {#sec1-2}
=====================

The study was conducted in patients visiting thalassemia ward and Department of Pedodontia, after approval from Institutional Ethical Committee. The sample selection was done by simple random sampling technique in accordance with inclusion and exclusion criteria. The study sample comprised of 90 patients broadly classified into two groups.

The study group comprised of 60 β-thalassemia major patients, out of which 38 were males and 22 females, ranging in the age group of 1-16 years with an average age of 7.28 years. The subjects were included based on confirmation by hemoglobin electrophoresis or high performance liquid chromatography and receiving regular blood transfusions. Subjects with history of any other major illness and newly diagnosed cases yet to receive a blood transfusion were excluded from the study.

The control group comprised of 30 clinically healthy individuals, out of which 16 were males and 14 were females, in the age range of 2-16 years and an average age of 7.66 years. Subjects were included on the basis of history, clinical examination and blood investigations within normal range. The subjects with history of any major illness, blood transfusion; any clinically observable intraoral lesion, and abnormal blood investigations were excluded.

Blood samples were withdrawn from both the study as well as control group subjects in ethylenediaminetetraacetic acid and plain vials for the estimation of hemogram, peripheral blood smear examination, and serum ferritin levels. Buccal smears were obtained from each subject of both groups following standard protocol. Smears were fixed in 90% alcohol for 1 h and subsequently stained with Perls' Prussian blue method\[[@ref7]\] and were evaluated under the microscope at ×100 and ×400 magnification.

Results {#sec1-3}
=======

Smears which showed the presence of blue colored fine dispersed to mild clumps of intracellular granules under ×100 and ×400 magnification were considered as positive \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\].

![Smear showing blue colored dispersed intracellular granules (Perls' Prussian blue stain, ×100)](JCytol-30-169-g001){#F1}

![Smear at higher magnification showing dispersed blue colored granules (Perls' Prussian blue stain, ×400)](JCytol-30-169-g002){#F2}

![Smear at higher magnification showing clumps of blue colored granules (Perls' Prussian blue stain, x400)](JCytol-30-169-g003){#F3}

Perls' Prussian blue staining was detected to be positive in 71.7% in the study group while none of the subjects in the control group revealed positivity. Chi-square test was carried out to compare Perls' Prussian blue staining positivity in the study and control group. This was statistically significant (*P* \< 0.001) \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of Perls' Prussian blue reaction in β-thalassemic patients and control subjects

![](JCytol-30-169-g004)

The serum ferritin level was significantly higher in the study group as compared to control subjects. The mean ± SD serum ferritin level in patients and control subjects was 4544.47 ± 2900.05 ng/mL and 33.09 ± 20.75 ng/mL respectively. Comparison of mean values among study and control group was carried out using the Mann Whitney U-test (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of serum ferritin levels in β-thalassemic patients and control subjects

![](JCytol-30-169-g005)

Correlation of Perls' Prussian positivity with serum ferritin levels was carried out using the Spearman Rank\'s correlation test. Perls' Prussian blue staining and serum ferritin levels had moderately significant positive correlation (Correlation coefficient = 0.424). Chi-square test was applied to know the significance of the test (*P* = 0.001) \[[Table 3](#T3){ref-type="table"}\].

###### 

Spearman Rank\'s correlation of Perl\'s Prussian staining positivity and serum ferritin levels in β-thalassemic patients

![](JCytol-30-169-g006)

Discussion {#sec1-4}
==========

β-thalassemia is a hereditary blood disorder that results in a failure to produce β-globin chain, and as a consequence, normal hemoglobin cannot be synthesized. In addition, there is ineffective erythropoiesis because of excess of α-globin chains; these damage the red cell membrane, resulting in cell lysis and an increased breakdown of red cells, which leads to severe anemia.\[[@ref8]\] Majority of the patients of thalassemia presents the symptoms by the age of 1 year. From then, they undergo regular blood transfusions one to two times in a month to maintain a hemoglobin levels of 9-10 g/dL. The progressive iron overload in β-thalassemia major patients is the consequence of ineffective erythropoiesis, increased gastrointestinal absorption of iron, lack of physiologic mechanism for excreting excess iron, and above all multiple transfusions.\[[@ref5]\] Transfusional hemosiderosis is the major cause of late morbidity and mortality in patients with thalassemia major.\[[@ref9]\]

Storage iron occurs in two forms-ferritin and hemosiderin; ferritin is normally predominant. In a normal person, storage iron is divided about equally between the reticuloendothelial cells (mainly in spleen, liver and bone marrow), hepatic parenchymal cells and skeletal muscles. Hemosiderin, the main storage form is more stable and less readily mobilized for hemoglobin formation than ferritin, which predominates in hepatocytes. In states of iron overload, hemosiderin increases to a greater degree than ferritin and becomes the dominant form. Hemosiderin contains more iron than ferritin (25-40%).\[[@ref10]\]

Perls' Prussian blue reaction is considered the first classical histochemical reaction, which is widely applied in the field of hematology. Treatment with an acid ferrocyanide results in unmasking of ferric iron in the form of hydroxide \[Fe(OH)~3~\] by dilute hydrochloric acid. The ferric iron then reacts with a dilute potassium ferrocyanide solution to produce an insoluble blue compound, ferric ferrocyanide (Prussian blue).\[[@ref7]\]

In our study, exfoliated cells from the buccal mucosa of 43 of the 60 thalassemic patients (71.7%) group revealed positivity for Perls' Prussian blue reaction. Chi-square test was applied, the *P* value was \<0.001, and the test was considered significant. Further, we observed that none of our control subjects showed Perls' Prussian blue positivity.

Our results were similar as those observed by Nandprasad *et al*.,\[[@ref11]\] who recorded 65% Perls' postivity although these were lower than those of Gururaj and Sundharam,\[[@ref12]\] who observed 100% Perls' positivity.

The serum ferritin levels were significantly higher in our study group as compared to control group. The tremendous rise in serum ferritin levels in the study group was in accordance with those reported by various authors. The mean serum ferritin levels reported in previous studies were 3820 ng/mL by Silvilairat *et al*.,\[[@ref13]\] and 3390 ng/mL by Ikram *et al*.\[[@ref5]\] It was observed from our study and various other authors that serum ferritin is markedly elevated in β-thalassemic patients and a great variation in serum ferritin levels was observed in these patients. This may be related to different factors such as age of patient, severity of disease, age of onset of blood transfusions, number and regularity of blood transfusions, use of chelation therapy and other systemic and metabolic factors.

In our study, we ascertained the correlation of Perls' Prussian positivity to serum ferritin. Our results showed a moderately positive correlation, which indicates that the positive staining in exfoliated buccal cells may give us a clue of increased serum ferritin levels and thus, indicating iron overload in the body tissues.

Even though, few authors have evaluated Perls' Prussian blue staining in exfoliated buccal cells, as far as we are aware, this is the first study in which correlation of Perls' Prussian blue positivity is carried out with serum ferritin levels. The exact reason for non-positivity of Perls' Prussian blue staining in 100% cases and a moderate correlation to serum ferritin levels can be hypothetically explained based on iron metabolism.

The excess amount of iron in the blood that gets accumulated in various tissues may depend upon various factors including the formation of iron storage pool. Moreover, amount of apoferritin and therefore, ferritin formed in exfoliated buccal cells, may vary as well as there may be variation in the amount of hemosiderin formed, which may invariably affect the Perl\'s positivity. When iron overload results from the increased catabolism of erythrocytes as in case of transfusional iron overload, iron accumulates in reticuloendothelial macrophages first and only later spills over into parenchymal cells.\[[@ref14]\]

Ferritin although may be present in the cells, cannot be visualized under light microscope and it can be observed in the electron microscope only. Hemosiderin, because of its larger size, can be visualized under light microscope as blue colored granules in the cytoplasm of the cell. Hemosiderin is supposed to be formed when the quantity of iron exceeds the apoferritin storage pool or as the ferritin molecule ages.\[[@ref15]\]

Detection of serum ferritin is a most commonly used method for the assessment of iron overload, although it has some limitations. It is an indirect measurement of iron burden and it can be influenced by complications (e.g., infection, inflammation, ascorbate deficiency) and it require serial measurements and/or interpretation with other indicators of iron overload.\[[@ref16]\]

Further, elaborative studies on a larger sample size for correlation of Perls' Prussian blue staining with more reliable methods such as liver biopsy and MRI, besides biochemical methods, and quantification of iron granules is needed. Refinement of the technique for increased sensitivity and specificity with quantification should be the goal of these studies. Considering the simplicity and acceptability of exfoliative cytology methods, advancement in this field is genuinely advocated.
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